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AY INVESTIGATION OF AN EXPRRIMBNTAL CALIBRR .22

e
.

HIGH-VELOCITY BULLET FOR RIFLES (UNCIASSIFI®D)

THIRTY-FIFTH REPORY N PROJBCT N0, TS1-2

DATES OF TEST: 8 NOVEMBER 195) T0 22 SEPTEMBER . 35

CBJECT
To invertigate some inberior-, exterier-, and terminnl-ballistic properties
il of azmmition employing an experimental ocaliber .22 rifle bullet designed by
Develepamsmt and Proof Services at Aberdeem Preving Growmd.

STMARY

A comtreet was negotiated for fabdricatiem of 5000 experimmmtel caliber .22

high-velooity rifle bullets in accordance with a design proposed in Develod-
mont and Proof C-~rvices Thirtieth Report on Project No. 731-2. Ths tulledte ’
prucured wers lc.ded in re-formed ealiber .30 light-Rifle (7.52 mm NATO) ‘
ocartridge cases with sulteble components, 40 give a murzle velesity of spprex-
imately 3,00 fps, in accordsnoe with previous proposals in the Report cibed

. above, This ammutition was fired in teest weapons fer determination of veleeity,
acourasy, st=bility, ballistio coefficient, and penetirution in oertain .
By arrengement with the Medioal Division, Biophysies Bremsh, of the Army Chawmionl
Center, a wound-ballistic evaluation of the experimsatel ammmiti= wes wads by A
that agensy, and resulss of that evaluation comprisé Appendirx O of the present L
Report. Feor purpeses of cenvenient comparisen, some data & deen imoluded
for standard types of calidber .30 ammmition - primsipally i, lead-cere W2 ‘
ball, which is the standard reund wost nearly cuwparrdle te he sxperimsctal ;
sxmemitieon tosded. ‘

QOBCLUSI(ES

The anmmitien enploying the experimsntal caliber .22 MY rifle bullek was
superior to caliber .30 N2 ball with respect vo impast veloolties, flatoess of -
trajsotory, deflestion by oroas-wind, perforation of armor plake, perforatien of:
| - halmeta, penetration of pime bourds at £000 yards, lightness of ressil, and

lightnens of wedght, With 1vspest to orer-all wewnd-ballistic performarve, it -
e appreximatoly squal to oaliber .30 bmllotz with whiokh 1% was cempared. The
N accuraoy of the test dullets wes axosllent whan DR propellant was uZed, and very -
good when XL87.2 ball propellant was ussd 1 ohreud-plated Yores wore ewpleywed,
but the XL87.2 bell propellant aveilable gave objeotiemable feuling evem in
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chrame-plated bores and intolerable fouling in beres which were not ohrome-
Plated.

RECCBOMENRDAT IORS

It s recemmsnded that using forces be invited to cemusnt o results of
the testing deseribded here.

Contingent upon the using forves' expression of further interest, 1t 1g
recommended that sdditional weapons and ammmition be procured for furthsr
engineering developmant, and fer suoch evalustion o2 using forees may desire
to makbe at that tiwe.
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I INTRODUCT ION

o~ ——— s

As DISCUSSION

e ———— r—————

1. Az a result partly of theoretical conslderations, and partly of
sxperionges amd obssrwilons of enginsers at this station with high-velosity
non-mllitary weapons, it was felt that some advuntages mipht asorus frem
investigation of hign~wolecity cartridges in military shoulder arms. In
dpril 1063, verbml suthority was granted Ly the Direstor of Development and
Proof Servioes and the Chief of the Arms and Amuwmition Division at this etation
to proceed in this endeaver in such manner as not to intsrfore with the oourse of
assigned develomment teasting under direction of t he Office of the Chief of
Ordnance, Attention was first devoted te developiment of a smll high-welooity
cartridge, adaptahble to a weapon such as the M2 carbine; prsssubt status of
that effort 1s desoribed in the Twenby-Pifth and Thirty-Third Reperts om Project
No. T81.2. Conourrently, however, investigation was progressing on a high-
veleosity cartridge of higher energy lsvel, having dimens!ong suitable for use
in rifle mechanisme, Meanwhile, at the dirsction of the Office of the Chief
of Ordmancs, ou 2 June 1953, the work an high-veloolity small-oaliber cartridges
in Dovelepmsxt and Froof Services at this station was removed from a not-to-
interfere stabtus and oonbimad at an aocelsrated pacs as an assigned project.
The initial report om a high-velooity small-aaliber round for smploymsat in
rifles is the Thirtieth Feport em Projeot No. TE1-2, published 22 Aprid 1954;
the present weport desoribes o continmuation of that development effort,

2. In ths previocus report (Dewslopment and Proef Services Thirtieth
Report on Froject Noe TE1=2) same sonsiderntions of 4 heorstical sdvantages of e
smmll-oaliber, high-velosity gartridge for shelder weapms wers discussed.
As a means of investipating socw of these conglderations, ammnition ws
propazed using nodified compoments of cartain commereia) and military amamition.
Buns test weapons and an autamatio rifle were fabricated or adapted to firs the
experimental amamition, and soms rreliminary testing we condusted, 7The resulta
of this testing indicated, first, that the experiment ma wilficlensly prads-
ing t0 Justify further pursuit, and, secomdly, that the next logloal sbep we
the deaign of a mmlleoaliber tullst having acceptable military charmsteristiea
for rifls use, Such a bullet was designed, 1ts tallistie properties were
estimted, and the sharmsteristies of a eartridge employing the proposed bullet
wore desoribed in an appemdix to the aforemeniioned reports Proourewewt, for
testing purposes, of smmmiiion ol t he proposed type was reccesended.

3. Subnequent to publicetim of the Thirtisth Repcrt om Project No.
T81=2, authority wma granted to prossed with precurement of ullets ef the
poeposed desizn.  This was ascemplishad by esmtrwct with the SBlsrrs Mamfeohuring
Comgany, of WMhittier, Califernla. The ariginal uantity prosured fer thess
besha was 5000, but prior to judblicatien of the pressut report, additiemai
quantities (upproxtmately 100,000) were erdsred by otier ageneics, onthe basis
of sarly results of the tests depsribed hare, for their om experimuits. The
pressnt roport deals with soms performsmse charastexistios of the ammniticm
ascembled with the bullets of the ariginsl lot of 5000.

e
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L. The following quotation has heem extracted from DISCUSSION
the Thirtisth Report w rrojeot No. PSi-23 "Soms evident adventages of
the small-oaliber high=velogity cariridge are redustion in reeoll, some saving
in weipght, greater {latness of trajeotory over effective rifls ranges, and
impreved mugelo-campensator efficlensy cwing %o the high ratio of charye
weight to bullet weight., Some foremeealhls disadwartages inoclude dffioulty
in producing apecial-purpoge bLullots ewch as tracer and incendiary, increased
srogion as a censequenco of higher velosity, and some redustion in impeot
snergies and penetration in certain media, Theze disadvantagosz zeem to be
most imperteint, however, in a maohdne gun reund, and mush less important in
rifle amamnition. It war oenwldered likoly that a net adventaze of the
smelleocaliber high=velocity round would bhe largely oontingenmt upen svoeptability
of the premise that rifle and machine gun amamition meed not be interchangeable.”
A quantitative eveluation of same of the characteristica cited above werv in-
vostiprted in the tests desoribed in the earlier reports Tho presemt repert
is primarily intended to present data on these characteristies which have been
ohanged by employment of the newly designzd bullet. Por sonvenisnt reforensos,
however, somw date onn othesr characteriztica have besn extracted {rem the earlier
reperd, and are presented here again.

-~
Wi

B., REFERENCES

- 4.

1. Authority fer this test is comtained in teletype GRD 1548 dated
7 January 1955, a oopy of whiok comprises Appendix A of this repert,

2. Teclmionl References inoclude the followings

a. Twonby-fifth Repeet en Project Fo. T8i-2.

be Twenby-eighth Report om Project Ho. TS1=2,

¢s Thirtiath Report on Projeet Ro. 781-2,

d, Thirty-third Report ou Project No. THl«Z.

0. Firing Racord No. 346201 {ippeniiz B).

f: Wedical Iahorateriss Research Report Fe. 291, "Wound Ballisbies
Assossmwnt of the .30 Caliber T21 Ball, tiw .30 Caliher Armer Pisreing M2 Bullet,
and the .2080 Caliher United Ximgdee Lead Cors Ball®, dated June 1954,

Ee Modiscal Ieboretoriss Ressarch Report No. . “Weund
Ballisbios Assopaxmant of an Experimental .22 Caliber lLead-oere hﬂgh-vucoity

Rifle 5eil) Casprrisun with 7.52 mm HATO (.30 Caliber T21) Eifie Ball®, dated

(Appemdix C).
Il DESCRIPIICY OF MTERTEL

As The oxrperimental tullet designed for these tests 1s of ceuventional
load-aore ball constructien, has n glldinpg-metal jecket, & ceven-calibsr tangemt
erive, and a nino-degres boattail of appreximantely .8-oaliber lemgth., It 1a

CONFIDENTIAL
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angentially a .200-caliber homalorue of tha obacloto callber .30 M1 Lall.

A drmwing of the Wullet, togetnor with some further desoription and sstimted
valliatic propertios, appearsd in Appendix F of the Thirtieth Report on Projmot
™51=2. The dimensions of tho tesh bHullet confora Lo those of the deslgn
drawing (Ae, x D) oxcept that the netual weipgkt 1s slightly preater {about
two grains) than the caloulated wvalue of "approximately &5 graina®s The

asrodmamlo properties clossly approximmte those ostimaled at the time the hullet
wes designed,

Bs The oartridge cuse for the experimental amamition was the modifled and
ro-formed caliber .30 FA T1E3 oase described in the Thirtieth Report on Project
No. TS1~-2, a sketoh of which is included in Appendix D of 4he presenmt report,

C. The propsllant employed for "service™ londs of the experimental smauni-
tion is of Wiestarn-ball type, dewignated X 4B87.2, intended eriginally for
high-veleoity 30mm aircruft-mm cartridges such as the T206K10. 1% is not
campletely sultable for the axperimamtal callhsr .22 ammmition, produeing
foul'ng in the bore, whioh soseumlntes very rapidly unless chreme-plated barrsls
ars smployed. I dose mest {and slightly exoeed) the antioipated velooity levsl
upon whioh ballistien for the proposed cartridge wers ostimated. however, and
was ths most nearly svitable propellant avallable at the time of these tewts,

A2 indiomted in the Remd-b,~Round data, some firing wms done with TR L350, with
no evidence of troeublesems fouliag, but neither the eff'ectlive burning rute nor
gravimetrio donsity of this, er other IMR-type prepellants, wors suitable for

attaining maximm capabilities of ths experimental sartridges a ballepropsllant
load mas therefore seleosed for the “service™ oharge.

D. The weight ef a complete reamd of the experimermtal esliber .22 sartridge

is approximately 200 grains, as oampared to about 396 grains for a roumnd of
caliber .30 M tall,

E. The proof weepons exmployed for the experimental eartridge were, exoept
for necossary differemces asscoiated with osliber, similar to standard caliber
.30 sosurasy rifles (D7692088) and pres: ~ pages (D2B6934). Barrel lemgth
in each weapon was 22 inchag. Oroove and bare diamsters were approximtely
.22, inches and 219 inohes respectively, and barrels had six lands with a
uniforn right-hand twist of coe turn in ten inohes, or one turn in eight inches,
as noted in the firing data, One barrel with ten~ingh lead of rifiing ws
chresp=plated by the Marker Maohine Company of Charlestom, Illineis) the okher
barrsls were unplated. All barrels were obtained from rif)ed blanke preduced
by. tho Apex Rifle Compaxy, Bun Valley, Califernia.

111 DERAILS GF TEST
A. PROCEDURE - '

R

1. Fabrication of preof weapoms was acoampliahed in the experimental
punsmithing shop of the Infantry and Airoraft Wespons Division at this etation.
Insofar &3 posaible, todling desoribed in the Thirtieth Report on Project ho.
T51-2 mao utilised. Ths omly Loportant new fasilities required wore wswpans
having 8-ivoh amd 10-inch leads of rifling for th: rewly designed tullet, instead

-
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of ths li=inch laad of tho weapens used in the earlier testa, It was
antisipabed that tests with S-inoh and 10-inoh twists would yield data upon
which a firx oholee of rifling lead for the now bullet eould be made; it had
previously bson satimsted (of. Thirtieth Report on Projest Wo. TS8l-2) thet a
ning-1inoh lead, would bs approximately correct.

2., To establish a suitable charge with the new bullet, firing was
conducted in a locally fabricated caliber .22 HV preasure gage., Froocedures
wore cenerally in acorrdance with those preascribed for small-arms pressure
tests in ORD=MGOS-PH, Volume IXI, of the Ordnance Proof Hamual. The intent
wag to obtain the highest possible valoeity within a “copper® ohanber pressure
of 52000 psi. A1l loading was done on a Paoific-type reionding press, using
looally fabricatsd dies for oase-forming, resising. and reloading opsrations.
Charpes for sharge-establishmsnt were weighed on & modified analytiocal balawse,
and thereafter wers thrown from a volumetric measure,

3. To establiah the velooity level of tho ammnition assembled,
velocity series were fired in acvordance with presoribed Froof-Manual procedures,
empleying locally fabriostad acouraoy rifles (Mamn barrels), ss ncbed in Round-
by~Round Data.

L. Aceuraoy testing was omducted at 100 yards amd at 600 yards, in
the mamner presoribed by ORD-MG0B-Pif, Volume IIX, Imitial attempts with bdall
propellant were unsucoessful, however, ag zroup xisea inereased systematioally
and rapidly, after ocleaning the barrel, as a ocneeguence of xsoumlating fouling.
Bfferts wore mde to obtain another btall propellant with suitable ballistie
properties and lesp tendecngy to produse fouling, but these efforts weres un-
smooessful inamsoh as no sxisting prepsllant was satisfuotery, and the limdted
quantity of ammmition involved d14 nov Justify procuremsnt of s smpecial lot,
An asourwoy rifle (liamm barrel) was then chrems-plated in am effort to alleviabe
¢the !’euﬂ.uzogrobln. and this terrel was fired fer mustesen emizecutive ten-shot
groups ot yards, without cleaning. te adesrve the acowailation of feuling
and the effect on aoouracy. Fod oamparism, the chrews-plated herrel wus
thoroughly cleansd afber having fired appreaximbely 200 ball-propallemts loads,
and sixty lomds using DR /350 propellant were fired, the last fifty of thess
being used S0 maks five tem-ashet grsups at 600 yurds,

5. To estedlish draz characteristics of thw experimental bullet,
firlig was oondusted at runges of 200, 600, 1000, avd 2000 yards fer moasuremssh
of romirving velosities. Frou thess daba, atandard-eondition impaoct wlecitlerz,
remaining energies, sross-wind deflectioms, muxirun ordimates, snd elsvations
o7 the experimentul swemnition were oaiouiated by metheds deseribed inthe
Twonmbty~oighth Beport oa Project No. T51-2 and the umal Siasel merthods upplisable
e flat trsjsctoriss.

6, To abtain soms information on termdinal-ballistie properties of tiw
risental amewition, penetration teats wersd £ ired ajainst helmets and against
inoh homogensaus armsr plate af, various renges as noted in Rownd-try~Round

Data. Ogiiver .30 Dall @ wmmnition was used fer sentrol where oemparable

date for the ewliber 30 reund were not othermise awsilabie. Data were slwe
abtained on a pine-board targoet st 2000 yarde, in confunotion with exterier-

wllistls teste at this wrangs.

CONFIDENTIAL
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'« To determino the maximum lead of rifling.which would produce
adsquate stability for ths experimontal bullet under antioipated fileld oen-
ditiong, yaw-oard riring was oonducted frem harrels with 8-ineh and 10=-insh
leads, These datp were redused to yleld atsmdard stability facbors, from whioh
dste, recammsundations oould be made as to o desirabls lead of rifl'ag fer fubure
weapone emploving the newly desimed tullet, Mare complete prassdurss fer these
tests are conbalned in Firing Regord HNo, 81,4201, which comprises part of Appen-
dix B of thie report.

8. Ingsmsh as reccilependulum date ware talsn for the Thirticth
Report o Project No, T51=2 using a &3=grain tullet sund L2,6egrain oharge, these
tests wore not repeated for the new experimental smmamition. Sinve the new
asmirdtion employs a 68-grain bhullet and Slegrain charge, the effoct of these
changes w3 ocnzidered suffioiently small to de calemlated frem the previcus
data with acoepbable aoeurssy. This salsulaticn was bazed upon mswsured guan-
ditien for the new ammnition, except far effective exit weloolty of the
Fropeliant pases, whisch wap assumed to be the samw as that moasured in the
sarlier tosts with the 63-grain bullet. Date for the caliber ,20 M2 dali
cartridge are presented for osmparism,

Q. By arrangemmt with the Biophywiecs Division, Chemiecal Corps
Medioal ladoratories, Army Chemical Cenmter, Maryland, wound =bdallistio studies
of the experimsntal ammmition wore mads. Prooedures for these studies are
given in MIER No. » Yhish comprises Appendix C of chis repert,

B. RESULTS

" 1s A8 & result of charge-establishnent firing reporved in Appendix B,
a ocharge of 51,0 grains of X 487.2 wus selected for “servics" lesding. A
twenty-reud velocity series was fired with this charge in sn socwmsy rifle
with ten=inoh lead of rifling, and s twemiy rovad pressure series was fired
in & gage with eighbeinoh lead, Only unedrreotsd data eouid be obtained, of
courss, since salibruticm oomponents for t$he experimental asmamition are mot
avaiiable, A tabulated muzmry followss ‘.
Voloolsy Bericas ‘
Aveyage IV, fpu at 78 £%, g@
Bréremm Variasiow, fpe 11;
Standard Deviation, fvs ?
Prossure Geiios:
Extremd Variatiom, pad 1
Stmminsd Devietien, Poi ' 1010
Averare S.P.Velooity,fpe at 78 1 3375

Corvesponding WV, fps
Averupe Chamber [ressure,psi(Cu)s Slggﬁ

2, 7The resulte of Mann-barrel asowrmoy testing are sumamriged
belows

<10
CONBIDENTIAL



CORNVIDENTIAL

me TInitial tests rired at 100 yards with a ocharge of ;2.0 grains
of IMR ;350 pave the following average results, based on four ten-shot targets,
in an indoor ranges

Bxtreme Vertioal Dispersion, Inches ¢ 1.20
Extrems Noriscutal Dispersion, Inches: 1,33
Extrsms Spread, Inches 1 1.5

be Two ten-ghot groups at 100 yards from an accuracy rifle were
talon slmultanecusly with the 20-shot veloolty series, using 51,0 grains of
X 487.2 propellant, amd giving the following average group ddmsnsions?

Extreme Yertical Dispersiom, Inohes 1 1.15
Extrome Forisontal Dispersion, Imohsst 1.3
Extreme Spread, Inohes ' 1,55

os In an acouracy test at 600 yards; wsing an unplated aoourasy
rifle (Manr barrel) and a 5l-grain charge of X h&f.a ball propellant, groups
increased fram 3.2=inch mean radius to 12,5=~inoh wsan radiuns in the firing of .
forty rounds. Inspesction of the bore revealed a heavy asoewmm:lsbiom of fouling.
Upon removal of the aovumulated fouling from the bore, three tan-shot groups

wore fired. The first two groups gave mean redii of 2,7 and L. imches,
respactively, and gus roamd of the last group missed the Gxb-fool target, whore-
upon firing was suspended because of rapid re-sscwmilstion of fouling., Individual
group measurwments are piven in Appendixz D. .

d. Using 2 barrel with a chreme-plated bore, 19 ten-shobt groups,
firod without cleaning, yielded ax averuzs mean radiug of L.56 inohes at 600 yards,
ueing the ball-propellaut load descrided in paiagraph 2 C. above, Thore ws
soms evidense that dispersion fnoreased during the first forty or fifty rounds
after ocleaning ths bore, snd irzpeotion of the bore efisr 50 reounds shiwed some
acoumlatio: of fouling. The dispersion did not appear to inocrease further sfier
ahout f1fty rounds, and inspeotion of the bore after about 200 rounds did not
indicatc appreoiably wmore fouling than was obgerved at 50 reumds., Dimeusions of
individual groups are givem in Appsndix B, A swmemry of group dimensgions, in
inchea, for the 15 toneshot targets at 600 yards is as follows:

MR MWD MDD  EWD , KD ES
Oroup af smllest MR- 3.0 2.9 23 9:?; 2.7 10.4
Group of largest MR b 541 B3 17 13.5 17.5
dverage of all groups L4e56 310 .24695 12,81 11.77 .98

s, After thereugh oleaning of the ohrome-plated barrel referred to
4n paragraph 2 0., above, fiwve ten-shot greups fired with a LiZ=grain oharge of
DR 1,350 propellant yielded an averege mean radius of 3,) inehes at (00 ysrds,
Tnepection of tho bore indieated ne appreciabls acmumlstion of fouling., Individual
tarpet measurementa are given in Appendix B, end & mamary of the TJive ten- ghot
groups follewss ’

11~
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L kR NVD MHD EVD EHD B3

Group of smallent MR 2.2 1.9 1.0 70 Lie7 Ba5
G!“oup of hrﬁﬁﬂt MR 307 3.0 1.7 10.’4 746 11.2
Avorage of all greups 3.1 2.h 1la6 8.9 6.7 10,0

£. For purposes of compariscn, the fellewing data were extracted
from the Third Repert on Projsct Noe. TS1le2, and represwnt average dmensions ef
fifveen ten~shot groups (five groups frem eash of thrse barrels) at 600 yarda,
with caliber .30 M2 ball amsmmition, let mmber FA 4059, The applicable
speoifioation rsquires an aversge wean radiur not greutsr than 7.5 inchesy 1lob
musber FA LO59 is of approximately average quality. '

MR MD WD B ED  E8
Avoruge of 15 groups Seldi 3432 3460 12,79 1.LL i7.48

3. Detelled results of remiring-veloeity maamiremanta are aenbained
in Appsuiix Be These data, upon being redused, yleld the follewing trajeetory
sharacteristlos applisable 40 shandard, sauwrface, atisspherisc conditions. A
rmussle velooity of 3,00 fpa has been used instsad of the value of abeut 34,30 fps
whioh mas attained with the 30mm propellamt; she 3,00 fpa {s regaried n3 & 0
sorvative estixate of voleoity attainadle in produwotion loading. Values for
caliber .30 bell 2 mmmmition have been inoluded for ccmparison in the fellewing
table:

pagcp _VELOOITY, fps.  ENERGY, £%-1bs MAX . RDIFATE, £%.  ELEVATION,mils

Yards Cel..22 Cal..30 Cal, 22 Cal..30 Cal..22 Caleo30 Oal.s22 Cal.o30

0 31,00 2796 1755 2553 0 0 0.0 0.0
100 3U9 2580 1506 2258 03 o05 Oy 06
200 290%, 236, 1281 1696 .15 22 0.9 1.4
zgg 2670 a;% 1082 1573 .36 oSy 1.5 2.2

aula 1 905 12689 .70 1.1 2.1 L.z
500 2020 1753 8 1& 1.2 1.6 2.8 3
600 1568 612 1.9 o0 Z:G 5e5
700 ;.216‘ 1396 193 &6 2,9 5 6 Te°
800 1239 » = Le2 7 57 8.8
90'3 U-M 1110 317 8 6.0 9.6 0 1.0.0
1000 1296 1031 255 261 8.4 13.5 8.3 13,3
1500 935 5 13% 181 - - - -
2000 1% Lg% 91 ey —— o - ———
., 32
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DPEFILECTION EFYECT GF 1O-MPH OQROSSRIND 1IN FEET AT TARGET

RANGE Caliver Caliber RANGE Caliber Caliber
Yards 22 +30 Yards 2R +30
100 .06 .06 500 1.5 2.0
200 .02 27 600 2.3 3.1
% 0118 oﬂl m Ll 06 6 .3
092 I.ZE 1w) 8- 1 ugO

L. The results of nine falr hits on a target of three courses of
one-inch pine beards speced at one-inch intervels at 2000-yard runge gave
complote performtien of $hree boards (the eadire target thivkness) on sight rounds
and penstration of 2 3/} boards en e ramd. :

S. HResults of pagerution tests armingt 1/l»ineh homogeneous armor
plate (BEN 34l,) apd Ml helmots are swsmrised belew fer the experimertal ealibder
+22 oartridge, with oalider .30 K2 bell for cemperison’

TARGET BAKGE Caliber PFAIR SPARTIAL  oCOMPLATR *COMPLETE
1YPR Yas., AMMO. ETT8 PRMBTRATIONS PENETRATIONS  PARY(RATION
Plate 100 .30 5 0 0 5

Plate 150 30 5 5 0 0

Flate 300 a2 5 0 0 Z

Plate agg 22 5 1 0

Plate 20 5 2 0 3

Plabe 150 2 5 5 0 0

e Lmeh 900 30 3 3 ? 1
Belset 1000 30 5 3 2 0
Relmak 1000 2 5 0 0 5
Helmet 2100 ] 5 4 0 1

* Approximtely as definod in ORD M508 PM, Vol. ITX, OFNM 7-17:
Cempiste perfezation - Bullet paasee threugh plass or at lesst e
8idas ol helmat.
Coagicte pevetrution - Bullet opams oredk Shrough but dosn b

paas Kireugt ‘
Partlal pessbtmtien - Any faly hit which 1s not within definiticus abeve.

6 The ghanrderd shadility fastors of the experimenta’ bull.ﬁ‘ datvormined
from yswoard i with barrele of G-imsh and 10-ineh dwists at “sorvies® susale
veleolty of absut .00 fpe, are mumarised belows

-13}..
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TWIST AMBIENT REL? ATM. STABILITY
(1nohes fturn) T EMPERATURE DENSITY FACT(R
1c Standard 1,00 1.6
a Stendard 1,00 12
10 -65°F. 1.38 0.8}
9 ~659P. 1.38 1.03
B8 -65°F. 1,38 1.31

7. Recoil charscteristiocos of the experimental ammmition, obtained
by somputation frem resulbts reported in the Thirtieth Raport on Praject No.
781-2, and allewing for cmanges in tullet and charge weights, sre as given
below, with data for caliber %0 M2 ball inoludsd for cempariscn.

_ CHARACTERISTICS W/COMPRIBATOR W/0 OOMPEESATOR
Cal:s22 Caloo30 Oal..22 Cal.e30
Revoil Momertum, 1b-sec 1.56 2,15 2425 2,68
Fecail energy, fi=ibe, 7=ib rifle Z.s i%.7 113 6.4
Reeol) evergy, ft=1bs, G-1b rifle -E S5 9.9 ey
Beotil energy, £%-1bs, 9-1b rifle L 8.3 8.8 12.e

8. The following results are besed upom analysis of wormd-bellistio
data by the Chemioal Carps Medicel laboratories, as reported in MIRR No.
which ccaprises Appendix C eof thia recsrd. The eutry oppesite “"Max. Oavity
Velum®™ 4» the appreximate averags temporary maximus oavivy volume produced by
ponetration of the builet into & tissus wodsl, which eansists of a oylindsr of
20% golatin, 12 om lomg and 12.); om in diawsber, the path of the bullst being
approxUmtely axial within $ts dlook. Resundeby-rexyd ebsorvations em mmximcs
eavidy volims are given in Appeadix 0, which appendixz alase omtains results of
firing againss experinentai animals a% ranges up to abeut 1600 ynrds, and containg
mxy other date of significanse in & wound-ballistio comperisen, but these other
data oannst oonveniemtly e mummriszed fevr presontatisa here, The muzimm
tonporary caviiy velimas Ls probably the woed sigaifioant singls rmwrieal oritsrion
of wounding powor, and is pressnted here st tbw riek of guoting out of comtext
from the Hedionl Labswaboried RAsseareh Reperi, buab foi cemplebe
date, attertico is hove irvited to Appendiz ¢, vhare the wound=balligtic resulis
appvar in theii entireby. Data [ur emlibor .50 ¥R Wil wero no% avelleble, but
in the talmlar summmry belew, deta are prewsented for the caliber .30 AP B2 bullet
(for whish data are aveilsable in the referemce oited §n paragraphr I 2 £.) for
comparisoni

8 | P
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ANGE Cal, .22 HV Cal,.30 AP M2

i r e e e ——— it e e o A .

16 Yards Ennlg « I35 4o 2110 gﬁg
140 Yarde (Real * 182 to 380

LOO Yords (ﬂ‘l.mlatedz 119 1,0
300 Yards (Shlimdntod) L7 55

= Bscause soms bullets tumble and same do not, data are widely
soattersd, and svera;;o values nre not signifioant; figuresx
are therefore given only %o indioate the range of wvalues.

C. OBSERVATIONS

l. Saw theoreilcal advantazes of small-caliber high-veleoity bullets
were discussed at length in a previous report on this subjoot (the Thirtieth
xeoart on Trojeot No. TS81-2), snd thore discussions will not be oompieteoly
reit.xtad here, briefly, the adwantores inolude lwmproved burst-fire asourasy
(ropooinlly with rmzgle compensators), preater flatness of trmjectory, redueiicw
in recoll, inoreased impast velooities, and scme saving in weight. Disadvantages
includs limitetiens in pertormance of speclal-purposs bullestzs wush =p brecer and
incondiary, and lack of irterchangeability with mmchlzas-gun ammundtion, The
quostion has often arisen as to whetiier scmo measure of lsthality would be
saorificed ty reduction inwmliber, and present informmiion seems Yo indisate
that 1t would not. The requiremsnt for spealal-purpose bhullets in rifle ammrd-
tien, and the degree to which this should be compremised for other eonsiderations,
oan be establfished ouly on tastical presepts which are not within the seope of
this report. The noed for interchangeability of rifis end machine-gun ammmition
can be affirmed or contradioted only upen taotical and logistinsl grounds, tut
prosont packasing prastice soems to imply that interchangeability in the field
is not oessamtial, Ammmition intendsd for rifle use is pacled in the eight-round
sn blac clips whioh are necessary for neraml operation of the Ml rifle, and
machine-gun sxtamition is packed in msrtallie link belte whieh are nsoessary foor
mechine-gun funotioning. Although single shots oan be londed and fired, semewhat
laboriously, without elips for the Wl rifis or belts for a mmchine gun, for pres-
tiead purposes, the ammnition packaged for ane wespon ic virtually uselsss in
the field for the other, The situabion would not ssem to be greatly albtared
1f riflo and maochine-gun ammunitien were supplied in their own respsotive onllbers,

2, While the lsad~osre experimountal saliber .22 tillet ie suparior
10 armor-penstration to lead-vere naliber (30 M2 ball, 1% weuld not be eewparahle
in thim raspeot to calliber 30 M2 AP, To effort has been mds 40 develep armm-
pleroing tullets in the axperimentul ealiber .22 oertridge, There are certain
sdvantages nasociated with lead-core tullets {of. Thirtieth Report on T81.2)
whioh indioate their supsriarity for a geneinl-purpose rifle round, snd 1% was
Poly timt rifle fire 1s relabively so ineffestive apsinst armor in any evexd,
that development of & round specifisally for dsfeat of armer was wnjustified.
This view, however, involver tactioal aemsideratiema whioh are prebadly bevend
the proper soope of this report, If the using foroez expross the view that
armor-plereing Milleta for rifls amemition are epmential, it neews renacnebly

CONFIDENTIAL
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protmble that s oaliber .22 AP bullet could bo dewwloped to glve perfermomme
vamparable to that of eurrent caliber .30 AP bullets.

IV CONCLUSINS

e

A. The following conclusions are drawn with respect to comparizem betwwen
sp2cific parformance charasteristios of the experimental caliber .22 RV rifle
amaunition and those of oalibor .30 M2 ball:

1. The caliber .22 affcords hizher impeot velooities at all ranges,
the difference baing appreximately 20% at the mussle, 25% at 1000 yurds, and
6L% at 2000 yards.

2« The ocallber .22 affords flatter txrwjestories over all runges, ths
difference in maximm ordimates being sbeut 30% to LOY at renges up to 1000 yurds.

3+ The caliber .22 requires lasa might adjustaent fer siematien over
all ranges, the fference being adout K to LOL at ranges up 4o 1000 yards.

L. The oaliber .22 is less deflected by cross-wind, the difference
being approximately 29% at ranges frem 300 to 1000 yards.

Ce Tha calther .22 has lowor impact saergios at all exsept very leng
rangss (nearly 2000 yards), btut the terminal-ballistis properties - penmetrriiam
and lethality - with whioh impast emergy ia semetimes sssecinted, were not
inferier for the caliber .22, as noted beleows

a. The lead~core oalidber .22 bullet will perforate light armor
plate (1/-inoh, BEN 36)) at greater rangs than will caliber .30 W2 ball, the
Tange at which appraximately half ef the falr hits perferate being bhetwesn 100
and 150 yards for ths saliber .30, and at about /00 yards fer the caliber .22,

be Tiw calider .22 will perfeorute Ml helxsta ot greater rangs thas
will oaliber .30 M2 Lall, the range for mized results (complete perferatiems and
partial pemetrations) being about 900 yards for the caliber .30, and abeus 1100
yards for the caliber .28.

0. With rospest to lsthality, there 1o sems evidsuwse tiat the
exporimmmtal caliber .22 bullet i alightly superior %0 most esliber .30 Lellets
at ranges up te about 300 yards, thet aaliber .39 dullets my be mederatsly
suparior betwoen 300 and 1000 yards, and that there 1s ro impertant differerse
tetwesn the twe from about 1000 to 2000 yardm, The arwivell perfersemse of the
twe enlibers is thereferw prebably not importantly differemt in ide respest.

6o The caliber .22 cartridge produses less rseoll than does the caliber
.30, the free~-reosil energles teing abaut 50X less if cerpensaters were used with
bath calibers, end abeut 30X lesa if no cempensators wore used with eithar caliber,

7. The weight of a cempleto rownd of the ocaliber 22 smmmition is
appreximtely 30X lves than thet of u roumd of caliber 30 M2 bell.

-1
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8. The cellber .22 btullstms employed in thig teal rave rather hetter
apcuresy than is usually obdaired with oalivsr .70 production geamnitiom,but
this differonas may bs attributables more to the quality of the individual
bullet 1ot than to differencasg inheremt in the design or callber,

B. The ball-type propellant awvailable for theee bests is not completely
suitable for the sxperimeniel zaliber .22 cartridge, producing an undesirabls
sooumilstion of fouling in the bore, whish feuling tends to inorease dispsraiom.
However, if chrome-plated berrels are exployed, the acourwcy is still very goed,
affarding average msan radil of about o6 inches at 600 yards with the ball
prepellant, which i3 well within the 7.5«inoh requirement for caliber .30 M2
ball. Howsver (frem ths 3.l-inch mean radius obtainsd using YMR propellamwt)

1% 19 caoluded that acournsy is atill adversely affeoted by the ball-propellant
fouling, ewn whon chrems-plated bores are smployed, and that balli prepellant
of more suitable typs should be developad,

C. With respeot t¢ erogion characteristios of the experimental ammmition,
no sonslusicon is puultiy petnible, since no muffisiert sample of ammmition,

no miitable wenpons, aad no sampletely sstinfaotary prepellants wore available for

erosien testing. 1t 1s comoluded, however, that this impartant charscteristie
should be furaier investipgated.

¥ RECGSIENLAT 15580

Ae It is recemmsnded that comments be invited (rem the using ferces o the
ooutents of thia repert, and that the csourse of further developmexnt in the field
of mmll~oaliber high-veleoity sheulder weapcas take cognisance of the camwnts
ellioibed,

B. Cemtingent upon the expression of further interest by ths uaing forves,
and subjeot to conslderation of the uring ferces’ visws, the following immdiabe
course of development is revcendsd:

1. Bhoulder weapons of suitable type be equippsd with ohrems-plaved
barrels having nine«inch lead of rifling, and adapted to fire wmmnition of the

type saployed in thess Lasts.

2, Efforts b made to obtain propellant whioh is free frem the
objeetiomatle fouling characteristies of £ he X Li87.2 ball propellaxt used in
thase tests, but whieh retains the desirable initsilor-ballistic properties of
the X }87.2. In this regard, it is further reecmmended that anti~fouling agents
be i{rserporated only after very caroful cenmideration of other apprescham he
the problem, sindo recent tests in other cellbers heve choen that sueh agents
my detract from the desirahle erosion performmausné which 42 ocharasctsristia of
ball propellaxt,

3. A quantihy of the exporiment:l ammmition be precured, imoarporanting
the degirable ocharasteristiocs indicated Ly thess testas, for further developmamt
testing, and far evxluation by using forvem.

.17
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li»  Quantities of weapons and ammmiti{on procured be suificient

Lo provide for such tests as using foross rey desirs for theilr ewmaluation

af the sxperimental cariridre, and at leazt four weapons and 25,000 rounds
of ammmition for ervaion tosting at this atation.

HM. C. DAVIS
Chief Engineer
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S December 1955

SPECIAL NOTICE

The Development and Proof Services 35th Report on Project Noo TSl=2
is being published for distribution at this time in incomplste form,
Appendix C being omittsd from the initial distribution, This has been
made necessary in the interest of timely availability of the major portion
of the data, and copiss of Appendix C will be distributed separately

a8 soon as vhey become available at Aberdeen Proving Grounde.

A8 noted in Appsndix A; an inquiry made on 23 September 55 slicited ' i
the estimate that the Army Chemical Center would publish <uring November
1955 the report which will comprise Appendix C. Reply to a verbal inquiry
made 5 December 55, hawever, indicates that publicatior cannot be accompe
lished prior to about 1 January 55, It was fslt that the remainder of
the main report should not be further delayed, because some urgent re-
quircments exist for information presented thsrein.

Some information obtalned from a draft of the Army Chemical Center
report during September 1955 has been included in the body of the main
report, References by number and date to Appendix C have been 1left blank
in the body of the main report, and can be sntered by the custodians of
the various copies when Appendix C has been receivad,

The aut'>r of the 35th Repcrt on Prcject Noo TS1-2 hes reviewed a
draft of the .rmy Chemical Center repcrt, and discussed its contents with
the authors of that report, and feels that the conclusions dealing with
wound ballistics are adequately substantiated. However, final judgement
on this aspect of the experimental work should probably be withheld until
Apperdix C can be distributed,

WM. C. DAVIS
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| APPE¥DIX A - Correspondeanoe

APPEXDIX B - Round-by-Round Data
APPEMDIX C - MIRR MNo.

APPENDIX D -  Carbridge, Bullet, and
Chembor Drwwings (U)
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AFPENDIX A

Correspendencs

T ORD 1546 (Unwo
Lsr APG(o) h71/162 (Cemt)
Ltr APG L71/118% (Ous)
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